Cornea plana congenita is believed to occur in a mild autosomal dominant (CNAI) and a more severe autosomal recessive (CNA2) form. We recently assigned a CNA2 locus to a region on chromosome 12 by linkage analysis. In this study we compared these traits clinically and genetically. Using the horizontal corneal refraction value in diopters (D) as a parameter, a control population (n=473) had a mean value of 43-4 (SD 1*5 D) for men and 43*7 (SD 1-6 D) for women, whereas in 51 subjects affected with CNA2 the mean value was 29-9 (SD 5 2 D) and in five subjects affected with CNA1 the mean value was 37-8 (SD 1-6 D). By linkage analysis in two CNA1 families the CNA2 locus could be conclusively excluded. These data suggest that at least two forms of hereditary cornea plana exist which are both clinically and genetically distinct.
In cornea plana the normal protrusion of the cornea from the sclera is missing. The Recently linkage analysis with polymorphic markers allowed us to map the locus for CNA2 in Finnish families. " It resides in a 3 cM interval flanked by markers D12S82 and D12S327 in the proximal part of the long arm of chromosome 12. In this paper we examine two aspects of cornea plana. First, can people with the putative dominant and recessive forms be distinguished from each other and from normal subjects by studying the corneal refraction? Second, are the two forms genetically distinct?
Materials and methods

CONTROL POPULATION
The people in the archipelago of Kokar which belongs to the Aland Islands situated off the south west coast of Finland form an isolated population where genealogical studies and repeated measurements are easy to perform. We performed an ophthalmological clinical field study of consenting subjects on two occasions, in 1960-1962 and in 1990-1992 The range of corneal refraction values measured in both eyes of five affected subjects belonging to the CNA1 pedigree (fig 1) was 34 5-40 D (fig 2) , the mean was 37-8 D, and the standard deviation 1 6 D (mean and standard deviation calculated from both eyes because of the small number of observations).
LINKAGE STUDY
The alleles shown (fig 1) are arranged as most likely haplotypes. It can readily be seen that linkage of the cornea plana phenotype to the chromosomal region under study is highly unlikely. By pairwise linkage analysis (table) all informative markers, D12S106, D12S82, D1 2S322, and D 1 2S306, showed negative lod scores with the CNA1 phenotype and gave exclusions (lod scores below -2) extending 1 to 5 cM from the markers. Markers for which the mother was homozygous were uninformative, as we did not take the connection between the two families into account in the linkage analysis. By multipoint analysis the whole area was excluded by the criterion of a lod score below -2 ( fig 3) . The above results were calculated assuming dominant inheritance with recombination fractions from each family branch added together. Assuming recessive inheritance instead, the region is also excluded (data not shown). The values in CNA2 patients showed considerable variation; however, as a group, they were dramatically lower than in the controls. Only two out of 51 patients had values that overlapped with the lowest control values; this suggests that the refraction value should not be used as the sole diagnostic criterion. Clinically this is no problem as CNA2 is almost always associated with other manifestations of ocular disease (see Introduction). The mean refraction value obtained from five CNA1 patients fell between those of CNA2 patients and the controls. This is in line with results from two other studies.34 Altogether these data suggest that in addition to pedigree and clinical data, the measurement of horizontal corneal refraction helps distinguish between controls and cornea plana patients, and that the dominantly and recessively inherited forms differ from each other not only in terms of mode of inheritance and clinical signs, but also in corneal refractive power.
The linkage study we performed in two families with dominantly inherited cornea plana clearly shows that the trait is not caused by mutations at the CNA2 locus on chromosome 12. This establishes the genetic, in addition to the clinical, heterogeneity of the two conditions. If, contrary to the most likely interpretation, these families display recessive inheritance, the CNA2 locus is excluded as well. For the sake of completeness it should perhaps be mentioned that neither X chromosomal dominant nor mitochondrial inheritance can be formally excluded either. In any case, our finding obviously applies only to the two families studied by us. Other cornea plana families with dominant inheritance has been studied in the USA,3 Denmark,4 Germany,7 and Netherlands. 7 Until the underlying genes have been mapped and cloned it will not be possible to assess the degree of genetic heterogeneity that they may display.
